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The results of studying the possibility of using a technogenic material (catalyst) in the production of building 
ceramics are discussed. The physicochemical properties and structural parameters of ceramic samples are 
given. In the case of introducing the catalyst in a molding mixture, the firing temperature should be increased 
and the amount of the catalyst should not exceed 7 - 10%. 


The production of building materials involves large-scale 
consumption of natural resources. This consumption of natu¬ 
ral materials can be decreased, thus contributing to environ¬ 
mental protection, by replacing natural minerals by techno¬ 
genic materials and industrial waste [1,2]. 

The problem of utilization of industrial waste is topical, 
but the level of recycling technogenic materials remains low. 
The fact is that industrial waste frequently has a heteroge¬ 
neous chemical composition, and some kinds of waste are 
highly toxic. The use of byproduct frequently lowers the 
properties of building materials and requires additional pro¬ 
duction expenses, which raises the end cost of the product. 

The oil-processing sector is a strategically important sec¬ 
tor of industry. Oil-processing companies satisfy 42% of en¬ 
ergy demands of the European Union and produce 95% of 
fuel. However, processing vast volumes of raw materials 
generates byproducts or waste, whose quantities are increas¬ 
ing. These wastes keep taking up enormous areas for dump¬ 
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ing grounds and create a threat of additional pollution of the 
ambient medium. The types of waste currently generated by 
oil-processing plants are mainly slime and waste chemical 
reagents, such as different catalysts, acids, etc. 

European manufacturers use waste catalysts in the pro¬ 
duction of cement clinker or asphalt-concrete. The authors of 
[3] proposed adding catalysts to refractory concrete. The au¬ 
thors of [4] proposed using oil-processing waste in the pro¬ 
duction of main ceramic materials: facade bricks, construc¬ 
tion blocks, roof tiles. It has been established that such addi¬ 
tive has a negative effect on the compressive strength of 
products. 

The purpose of our study is to investigate the possibility 
of using a waste catalyst catalytic cracking catalyst from the 
Mazheiku-Nafta oil-processing plant (Lithuania) in the pro¬ 
duction of building ceramics. The utilization of this waste is 
especially topical in the context of environmental protection, 
considering that is contains heavy metal ions. 

We used illite-bearing clays of two types [5] from the de¬ 
posits of the Devonian (clay A) and Quaternary (clay B) pe¬ 
riods, grog additives represented by sand and chamotte, and 
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TABLE 2 


Molding 

mixture 


Weight content, % 


clay A 

clay B 

sand 

chamotte 

catalyst 

1 

20 

60 

15 

5 

— 

2 

16 

60 

12 

5 

7 

3 

15 

65 

10 

— 

10 

4 

10 

60 

5 

5 

20 


the waste catalyst generated in catalytic cracking. The che¬ 
mical composition of the initial argillaceous components and 
the catalyst are listed in Table 1. 

Clays A and B are clays with a small sintering interval 
(30 - 70°C). X-ray phase analysis using a DRON-2 diffrac¬ 
tometer indicates that the crystal structure of clays A and B 
consists of hydromica, chlorites, kaolinite, quartz, feldspar, 
dolomite, calcite, and hematite. Clay B is contaminated by 
large carbonate inclusion and is classified as acid or semiacid 
clay, although in general this amount is lower than in clay A. 

The catalyst consists of granules of diameter 1.3 - 1.5 mm 
containing oxides of aluminum, molybdenum, nickel, phos¬ 
phor, zirconium, sodium, and rare-earth elements (RE). The 
bulk density of the catalyst is at least 0.80 g/cm 3 . 

The x-ray phase analysis of sand indicates that its crystal 
structure is made up of quartz, feldspar, and dolomite. The 
granulometric composition of sand is represented by fine 
particles of size below 2.5 mm; among them particles of size 
below 0.315 mm prevail (on the whole more than 70%). 

The diffraction patterns of the catalyst fired at 1000°C 
exhibits lines testifying to the presence of alumina y-Al 2 0 3 : 
4.13, 3.45, 2.79, 2.40, 1.98, and 1.40 A. 

In our experiments, the argillaceous components and 
sand were dried to a constant weight, milled in a jaw crusher, 
and sifted through a No. 063 sieve. Chamotte was similarly 
dried and milled and then sifted through a No. 0315 sieve. 
The catalyst was milled using a disintegrator. 

The compositions of molding mixtures are listed in Ta¬ 
ble 2; the quantity of the catalyst in the batch varied from 0 
to 20%. 

A mixture prepared for molding matured for 3 days in a 
moist state. After that samples were produced by plastic 
molding in order to investigate their main properties, struc¬ 
tural parameters, and compressive strength. 

The preliminary drying of samples was performed at 
room temperature and then for 2 days in a drying cabinet at a 
temperature of 110 ± 5°C. The firing of molded samples was 
performed in an electric furnace with automatic temperature 
control (± 1°C) at the maximum temperatures of 1050, 1100, 
and 1150°C with an isothermal exposure for 4 h. 

The physicomechanical properties and structural para¬ 
meters of the samples were determined. The total shrinkage 
Sh and density of ceramic samples p were determined ac¬ 
cording to LST 1272-92 and the compressive strength R c 
was found according to LST EN 772-1:2003. The structural 
parameters, such as water absorption with exposure in water 


for 72 h W 12 , effective and total porosity W e and W , pore 
space reserve P , conventional thickness of pore and capil¬ 
lary walls D , and the degree of structural heterogeneity of 
samples H were calculated based on the following formulas: 
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where m 0 is the weight of the sample dried to a constant 
weight, g; m l is the weight of the sample after its exposure 
in water for 72 h, g; p is the sample density, g/cm 3 ; m 3 is the 
weight of the sample after vacuum treatment and exposure in 
water for 24 h, g; W Q and W are the effective and total open 
porosity, %; /z max , h mm , and h aY are, respectively, the maxi¬ 
mum, minimum, and average velocity of the capillary wet¬ 
ting front along the sample molding direction, cm/h. 

The effective porosity characterizes the quantity of effec¬ 
tive open pores and capillaries. In the technological aspect, 
this parameter also indicates the degree of sintering of the 
material. To estimate the heterogeneity of the structure, we 
use the parameter P p , which mainly characterizes the reserve 
(free from water) in the pore space. The total open porosity 
also indicates the sintering of the material and at the same 
time is used to calculate the conventional thickness of the 
pore and capillary walls. It should be noted that the total 
open porosity parameter does not reflect the quantity of 
sealed pores and capillaries. Since the heterogeneity of the 
structure is very significant for ceramic products (this prop¬ 
erty is especially important for prevailing pores and capillar¬ 
ies oriented in the molding direction), it is estimated by the 
parameter H , which makes it possible to estimate hetero¬ 
geneities based on their conventional length. 

The mean values of the specified parameters are listed in 
Table 3. 

All obtained results were subjected to preliminary statis¬ 
tical analysis, For instance, the histogram of the reserve po¬ 
rosity parameter (Fig. 1) indicates its normal distribution in 
ceramic samples, both with and without a catalyst additive. 

The maximum reserve porosity was registered in mold¬ 
ing mixture 3 fired at 1150°C. The variation interval of this 
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Fig. 1. Histogram of reserve porosity P p of ceramic samples. 

parameter ranges from 42.95 to 60.93%. Based on the above 
data, it can be assumed as well that these samples have the 
highest frost resistance in service. 

It follows from the above data (Table 3) that as the tem¬ 
perature increases, the density and strength of the samples 
grow and their water absorption decreases. This also leads to 
a decrease in the effective and total open porosity of the sam¬ 
ples and points to the intensified sintering of ceramic mix¬ 
tures. At the same time, the conventional thickness of the 
pore and capillary walls grows, and the reserve space poro¬ 
sity and the degree of structural heterogeneity increase. One 
can presumably expect as well enhanced frost resistance of 
ceramic samples in service. 

Upon introducing 7 and 10% catalyst into the molding 
mixtures (mixtures 2 and 3), as well in the case of firing sam¬ 
ples at the maximum temperature of 1150°C, the water ab¬ 
sorption of samples does not exceed 6%. However, as the 
catalyst content increases to 20%, the water absorption 
grows on the average by 9.67%. In general the introduction 
of the catalyst additive has a negative effect on the compres¬ 
sive strength of samples, regardless of their firing tempera¬ 
tures. Thus, with a simultaneous increase in the quantity of 
the catalyst and the firing temperature the compressive 
strength of the sample may decrease by 30%. 

Ceramics made of mixture 3 fired at the maximum tem¬ 
perature of 1150°C has the highest density (2154 kg/m 3 ) and 
highest pore space reserve (51.69%). Furthermore, it has a 


low effective porosity (8.31%) and its water absorption is not 
higher than 4%. Moreover, this ceramic has the maximum 
degree of structural heterogeneity (4.0), which can be attri¬ 
buted to intense sintering and the formation of heterogeneous 
pores and capillaries. Presumably, a large amount of the vit¬ 
reous phase is formed in this case and the pores and capillar¬ 
ies in general keep getting larger. All this gives grounds to 
expect that ceramics made of mixture 3 may also have the 
maximum frost resistance in service. 

The effect of the catalyst additive in molding mixtures on 
the properties of samples is shown in Fig. 2. It can be seen 
that the quantity of catalyst introduced in the mixture affects 
the water absorption of samples: as the amount of catalyst in¬ 
creases, the water absorption grows (Fig. 2a). However, if 
the degree of structural heterogeneity of a sample is high 
(4.0 - 4.5, which points to a sintered structure), the catalyst 
additive has virtually no effect on its water absorption, which 
is not higher than 6%. 

Any quantity of introduced catalyst raises the effective 
porosity of samples (Fig. 2b ). However, the minimal effec¬ 
tive porosity is possible only with a density exceeding 
2000 kg/m 3 . 

Thus, a catalyst additive modifies the physicomechanical 
properties and structural parameters of ceramic samples, 
which is a consequence of the interaction between all com¬ 
ponents of the molding mixture under firing. X-ray phase 
analysis of samples made of molding mixture 1 without cata¬ 
lyst additives and fired at 1100°C has identified reflections 
corresponding to quartz, hematite, anorthite, and spinel. 

X-ray phase analysis of samples based on mixtures with 
10 and 20% catalyst additives (mixtures 3 and 4) clearly 
identifies the corundum maxima. Corundum is possibly 
formed due to the transformations occurring in the catalyst at 
higher temperatures: y-Al 2 0 3 transforms into a-Al 2 0 3 . Cal¬ 
cium oxide contained in the clay actively reacts with molyb¬ 
denum oxide, which leads to the synthesis of powellite. It is 
observed as well that the x-ray reflections of anorthite de¬ 
crease or disappear, which is presumably related to the de¬ 
creased content of the illite-bearing clay (clay A) and the in¬ 
creased quantity of the technogenic material introduced. 


TABLE 3 


Parameter 




Ceramics based on molding mixtures fired at temperature 





1050°C 



1100°C 



1150°C 


1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

Sh, % 

6.14 

5.42 

6.17 

6.42 

7.73 

8.42 

10.17 

8.99 

9.57 

8.53 

10.31 

10.71 

P, kg/m 3 

1945 

1847 

1866 

1799 

2100 

2083 

2048 

1815 

2141 

2096 

2154 

1934 

R c , MPa 

17.30 

14.58 

13.21 

11.98 

19.88 

16.09 

15.62 

14.45 

22.04 

16.64 

17.04 

16.67 

w 12 , % 

8.42 

10.86 

11.32 

16.61 

3.80 

6.09 

6.78 

13.76 

3.27 

5.46 

3.86 

9.67 

w e , % 

16.38 

20.05 

21.12 

29.87 

7.98 

12.68 

13.88 

25.00 

7.00 

11.43 

8.31 

18.70 

w p , % 

22.17 

18.44 

26.09 

33.74 

15.38 

19.98 

19.96 

30.43 

10.56 

16.51 

17.20 

24.99 

P p , % 

26.12 

8.73 

19.05 

11.98 

48.11 

36.54 

30.46 

17.85 

33.72 

30.76 

51.69 

25.17 

D 

3.51 

4.42 

2.83 

1.96 

5.50 

4.01 

4.01 

2.29 

8.50 

4.26 

4.81 

3.00 

H 

0.33 

0.42 

1.00 

0.17 

1.00 

0.78 

1.33 

0.22 

1.08 

3.75 

4.00 

1.56 
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Fig. 2. The effect of the quantity of catalyst introduced in a molding mixture on water absorption W J2 and the degree of structural 

heterogeneity H (a), as well as on the density p and effective porosity W (b ) of samples. 

6 


The x-ray diffraction patterns of the same samples fired 
at the maximum temperature of 1150°C exhibit the same ten¬ 
dency toward the formation of corundum and powellite. Alu¬ 
minum oxide contained in the catalyst actually does not react 
with clay minerals, as no mullite reflection has been identi¬ 
fied in the x-ray patterns. The quantity of the introduced ca¬ 
talyst in manifested only in the increased intensity of the 
x-ray reflections of corundum and powellite. 

All the above changes point to chemical reactions taking 
place between the batch components and the catalyst. 

Preliminary investigations established that the leaching 
of heavy metals upon introducing the catalyst into the mold¬ 
ing mixtures is minimal and satisfies the current standards. 

Thus the particular technogenic material, namely a cata¬ 
lyst from catalytic cracking at the oil-processing company, 
can be successfully utilized in the production of building ce¬ 
ramics. The catalyst has a significant effect on the physico- 
mechanical properties and structural parameters of ceramic 
material and its mineralogical composition. The optimum 
content of the catalyst in a molding mixtures is 7 - 10%; the 
introduction of more than 10% has a negative effect on all 
physicochemical properties and structural parameters of the 
samples. 


The firing temperatures for molding mixtures with cata¬ 
lyst additives ought to be somewhat higher. This facilitates 
the formation of new phases in the catalyst and the synthesis 
of new formations as it reacts with the clay components. As a 
consequence, y-Al 2 0 3 in the catalyst transforms into a-Al 2 0 3 . 

Heavy metal ions contained in the catalyst can be fixed 
in steady insoluble compounds at temperatures above 
1050°C in the production of building ceramics. 
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